Purpose The purpose of this study was to investigate whether acetabular morphology may influence both pathogenesis and prognosis of the acetabular rim lesions and to propose a new system to classify labral tears.
Introduction
The features of 'acetabular rim syndrome' are still undefined, but the condition is common among patients with acetabular dysplasia following sub-optimal femoral head coverage. Increased shear stress to the acetabular margin may evolve into hypertrophy or tear of the labrum, or progress into degenerative changes, e.g. subchondral micro-fractures and sclerosis of the acetabulum occur in the early stages, cartilage degeneration and osteoarthritis in the long term [1, 2] .
A well-defined classification could be helpful to avoid misdiagnosis and underestimation of this pathology and better define the prognosis [3] . In the present study, we report on patients with acetabular rim lesions undergoing arthroscopy, and assess whether acetabular morphology is prognostic for the development of these lesions. Invasive open procedures such as peri-acetabular osteotomy have been widely used in the past to correct bony deformities and prevent degenerative changes. We wished to ascertain whether arthroscopic management of cartilage and labral injuries may avoid more invasive procedures in the short term, and prevent the occurrence of degenerative changes to the hip in the long term. We attempted to correlate imaging findings with arthroscopic findings for acetabular rim lesions and determine whether there is any prognostic significance. In addition, we proposed a new system to classify labral tears.
Methods
All procedures described in the present study were approved by the local ethics committee, and all patients gave their written consent to participate. Acetabular rim lesions were diagnosed in 81 (40 male and 41 female patients, 86 hips) of 193 patients who had undergone hip arthroscopy from 1996 to 2001. Age at surgery ranged from 16 to 74 years (median, 31 years). Patients were included if symptomatic, unresponsive to a six month application of conservative measures including physiotherapy and injections of hyaluronic acid and steroids, positive impingement test [2] , and with evidence of labral tears at arthroscopy. We excluded patients with fractures and dislocations to the hip, with no labral tear at arthroscopy.
Radiographic assessment
Sixty-six patients underwent radiographic assessment. Several radiographic parameters were used to assess acetabular morphology. On radiographs, dysplasia was classified as type 1 (incongruent), type 2 (short roof), and normal [4] . The presence of an os acetabulare, acetabular cysts and pathological findings resulting from Perthes' disease or sub-clinical slipped capital femoral epiphysis [5] was also assessed.
Arthroscopy
With the patient supine on the fracture table, a supratrochanteric lateral portal and an additional anterior portal were used. Under image intensifier control, gradual traction was applied to adequately distract the hip joint. We divided the acetabulum and femoral head into five and six sectors, respectively, to better define status and damage of labrum and cartilage. Labral tears were classified as radial flaps, longitudinal peripheral and unstable bucket handle lesions, with detachment from the acetabular bony rim. We used the classification by Outerbridge [6] to define the cartilage status: normal (grade 0), softening and swelling (grade 1), fragmentation or fissuration less than 1 cm (grade 2), fragmentation or fissuration more than 1 cm (grade 3), and erosion with exposition of the bone (grade 4). Debridement of cartilage and labral tears was performed in 80 hips (93 %) and microfractures in two hips (2 %). At arthroscopy, acetabular cysts were identified in 11 hips (13 %), cartilage and labrum lesions were treated in 31 patients who were candidates to receive a peri-acetabular osteotomy. The subchondral defects were filled with autologous bone graft or bone morphogenic protein (OP1, Stryker Biotech Bone Morphogenic Protein, Factor VII) under fluoroscopic guidance via an extra-articular percutaneus cannula after drilling from the lateral wall of the ilium.
Acetabular rim lesions were classified as early and severe. An early lesion presented softening and buckling of the antero-superior portion of the acetabular rim ( Fig. 1) , which progresses to labral and cartilage erosions ( Severe lesions evolve from the early ones, and present partial or full thickness defects, peri-articular or subchondral cysts (geodes) (Fig. 7) . If a large articular cartilage flap is detached, the subchondral bone may be exposed more than 33 % of the distance between the rim and the superior ridge of the acetabular fossa (Fig. 8) . In severe cases, the femur may also be involved, showing cartilage fibrillation, articular cartilage flap, and limited area of bare bone. 
Statistical analysis
Mean and standard deviation were calculated for normal continuous data, versus median and ranges for the rest. Twosample t-test and analysis of variance (ANOVA) were used to compare parametric ordinal data; the non-parametric KruskalWallis and Wilcoxon rank-sum test was applied to compare non parametric data, and categorical variables were compared using the chi-square test. Kaplan-Meier survival curves and Cox proportional hazard models determined the effect of the imaging grading on the time between arthroscopy and hip arthroplasty. Statistical significance was set at P<0.05.
Results
Pre-operatively, patients were symptomatic (Table 1) for an average of 23 months (two to 198 months). Information on the type of trauma were available in 16 patients: 13 reported a low-velocity trauma twisting or exceeding the normal range of movement and three had a car or bicycle accident.
Cartilage lesions to the acetabulum were diagnosed at arthroscopy in all 81 patients (86 hips): six grade 1 (7 %), 12 (14 %) grade 2, 20 (23 %) grade 3, and 48 (56 %) grade 4. Almost all patients with lesions of grades 2 and 3 presented full thickness articular cartilage flaps partially detached from the rim and bare bone beneath. A total of 68 (93 %) of 73 labral tears (Fig. 2) were degenerative, and the labrum was detached from the rim insertion; four (5 %) were longitudinal peripheral lesions, and one (1 %) was an unstable bucket handle tear. On the femoral side, cartilage lesions were noted in 19 (22 %) hips: three grade 1 (16 %), ten (53 %) grade 2, four (21 %) grade 3, and two (11 %) grade 4. Fifty-four (63 %) acetabular rim lesions were classified as early and 32 (37 %) as severe.
Hip morphology
Four main types of hip morphology were found on radiographs ( Fig. 1) : normal, type 1 dysplasia (incongruent), type 2 dysplasia (short roof) and post slip deformity ( Table 2 ). The joint space was reduced (less than 2.5 mm) in three of 32 (10 %) patients with severe acetabular rim lesions and was normal in all patients with early lesions. The relationships between supposed risk factors and the severity of the acetabular lesion are reported in Table 3 . a Overall comparisons were performed between incongruent, short roof and "normal radiographic parameters" patients. Post slip patients were excluded from these comparisons due to their small number and pathology originating from the femoral head
Survivorship analysis
Six hips (43 %) with type 1 dysplasia (incongruent), one (4 %) with type 2 dysplasia (short roof), and two with normal morphology (11 %) underwent hip arthroplasty after a median interval time of eight, 20 and 24 months, respectively ( Fig. 9) , with worst prognosis (p00.002) for patients with type 1 dysplasia. Among patients with early acetabular rim lesions, 19 (35 %) returned to normal activity, 18 (33 %) declined to a lower sport activity level, 16 (30 %) were advised to undergo a peri-acetabular osteotomy, and one (2 %) to undergo a femoral derotational osteotomy. At a median follow-up of 24 months, no additional surgical procedures had been performed in hips which did not require further procedures. Of the 34 patients with increasing symptoms for severe acetabular rim lesions, 23 (68 %) continued to cope with their symptoms at a median 14-month follow-up, and 11 (32 %) underwent joint replacement at a median interval time of 11 months (range, one to 34 months) from arthroscopy. Severe and early acetabular rim lesions were significantly different in terms of survivorship (p<0.0001). Fifteen (48 %) of the 31 patients who had undergone arthroscopy before undertaking a peri-acetabular osteotomy presented a severe acetabular rim lesion. Reviewed at six to 12 month intervals, six (40 %) of these underwent hip arthroplasty by a median follow-up time of 24 months from arthroscopy.
Discussion
The main finding of the present study is that dysplasia and symptoms are not necessarily associated with evidence of cartilage or labral lesions at arthroscopy. Conversely, deep degenerative changes may favour early detachment of the cartilage and progressive damage to the labrum. Therefore, the severity of the acetabular rim lesions may be of marked prognostic significance. Cartilage degeneration of the deeper layer is the primum movens of acetabular rim lesions [7] , whereas hip congruency is involved in the short and mid-term progression of these lesions, as demonstrated by the higher (43 %) likelihood to undergo arthroplasty in patients with type 1 dysplasia than those with normal or type 2 dysplastic hips. At the latest assessment, patients with early acetabular rim lesions were still coping with their symptoms with no need for joint replacement, whereas 34 % of the patients with severe rim lesions had undergone joint replacement because of the progression of the symptoms. Acetabular rim lesions may occur in patients with no evidence of acetabular dysplasia (n026, 39 %) at imaging. Standard radiographs may not allow an early diagnosis in apparently normal hips. The synovial joint fluid may penetrate across the articular cartilage and progressively detaches the cartilage layers, producing a full thickness flap, often unrecognised at the early stages unless it is assessed with a probe [8] .
Successively, when the labrum is detached and the subchondral bone exposed, the joint fluid is gathered in peri-articular or subchondral geodes [8] . Standard imaging may fail to diagnose isolated cartilage tears with no flap fragmentation because the full thickness flap, although detached from the acetabular rim, is maintained attached to the sub-chondral bone by the femoral head. When these flaps become unstable and the bone is exposed in weight bearing areas, the femoral head is progressively involved, and joint narrowing is visible at imaging, concomitantly to pain and clinical symptoms [7] . In non dysplastic hips, the impingement of the femoral neck against the acetabular rim may result, in the long term, in labral and articular cartilage degeneration [9, 10] , whereas sub-clinical post-slip deformities [11] , reduced femoral neck anteversion [12] or insufficient femoral head/neck offset [9] may produce femoral abnormalities. We found post-slip deformities of the femoral head in five patients, but MRI scans are not routinely performed to assess the femoral head-neck offset [9] or "the contour of the femoral head-neck junction" [10] . The evidence that high-level sport activity and repeated micro-trauma may predispose to develop intra-articular hip lesions [13, 14] and, in the long term, osteoarthritis [15, 16] was confirmed by the fact that nine of 19 acetabular rim lesions (47 %) observed in radiographically normal hips had occurred in high level athletes.
Peri-acetabular osteotomies are technically demanding, with a high morbidity rate [17] [18] [19] . Good and excellent results were observed at an average follow-up of 11.3 years in 73 % of patients who had undergone preservative joint procedures, with worse outcomes for older patients presenting labral tear and severe osteoarthritis [19] . In a study on 59 hips undergoing arthroscopy before peri-acetabular osteotomy [3] , four patients, all with Outerbridge grade 4 lesions, developed severe osteoarthritis. We calculated the ratio between the size of the lesion and the distance from the acetabular margin to the superior portion of the acetabular fossa (i.e. "the weight bearing area") to assess the size of the lesion. When the involved area exceeds one third of this distance, a re-directional peri-acetabular osteotomy could fail to laterally rotate the lesion [20] , the zone of maximal weight bearing is still involved, subluxation is not corrected, and degeneration will continue. When facing with severe acetabular rim lesion, the chances of success after a periacetabular osteotomy are low. From the Kaplan-Meyer survival analysis by hip morphology type, 15 of the 31 patients originally considered suitable to receive a peri-acetabular osteotomy had severe acetabular rim lesions at arthroscopy, and six of them underwent joint replacement in the short term. Since imaging may not allow to define accurately the severity of the acetabular rim lesion, hip arthroscopy may be indicated before planning a peri-acetabular osteotomy [21] [22] [23] .
A major strength of the present study is that a single, fully-trained experienced surgeon performed all the procedures. While a strength, this may limit generalisability of the finding, and the training and experience of the operating surgeon should be taken into account when undertaking this technically demanding procedure. Given the retrospective nature of the study, we are aware that the evidence is not as strong as that produced by a randomized controlled trial, and prospective investigations should focus on the outcomes following arthroscopy for management of early acetabular rim lesions.
Conclusion
Acetabular rim lesion and hip morphology may contribute to the development of early osteoarthritis. When the status of acetabular rim lesion and imaging are apparently normal, the assessment could be completed at arthroscopy, but further studies should be undertaken to define the pathological processes underlying the development of acetabular rim lesions, prevent the progression of these lesions, and the development of early degenerative changes.
